INTRODUCTION
Olive oil is a very versatile product. Long known by many generations in the Mediterranean area as essential for health and diet, it is now widely appreciated around the world for its nutritional, health and sensory properties. Olive cultivation is widespread throughout the Mediterranean region and it is important for the rural economy, local heritage and the environment. The olive oil sector plays an important role in the Tunisian economy, providing both employment and export revenue. Indeed, with an annual production of 170.000 tons, Tunisia is the world s fourth largest producer of olive oil 1 .
Virgin Olive Oil VOO is unique among other vegetable oils due not only to its high levels of monounsaturated fatty acids mainly oleic acid , but also to the presence of minor components, such as volatile compounds among others. The monounsaturated fatty acids have specific roles in the prevention of inflammatory and degenerative diseases. The volatile composition of olive oil depends on the level and activity of enzymes involved in the lipoxygenase pathway 2, 3 .
The enzymatic levels are genetically determined 4 and a tremely different from that of olive oil. Many studies have been carried out to categorize virgin olive oils from different geographical origins according to their different chemical properties. However, to the best of our knowledge, there is almost no study on the effect of altitude and geographic location on stability levels and sensory profiles, particularly for the Tunisian cultivars.
The present research aims to study the chemical composition, aroma profiles and sensory properties, and to prove the oxidative stability of virgin olive oils from the two Tunisian cultivars Chemlali and Neb Jmel planted in the center and south of Tunisia in order to evaluate their adaptation to different geographic growing area conditions.
EXPERIMENTAL

Chemicals and reagents
Methanol, hexane, acetic acid and cyclohexane HPLCgrade solvents were purchased from Riedel-deHaen Switzerland . Double distilled water was used as HPLC mobile phase. Folin-Ciocalteu reagent was obtained from Fluka Switzerland .
Samples
The study was carried out on monovarietal virgin olive oils from two Tunisian cultivars, Neb Jmel and Chemlali. Both cultivars were planted in the center Kairouan and south Gabes of Tunisia Fig. 1 . The soil type is sandy loam to loamy sand on a gravel ground. Trees were cultivated under fed rain without fertilization and without pesticide application. Olive samples were handpicked, in triplicate from different trees, during the crop season 2013/2014 November to obtain only good quality fresh and healthy fruits. In order to eliminate the influence of the maturation state on olive oil quality, the ripening degree was the same for all the studied olive cultivars maturation indices were 3.5 . Samples were harvested from adult trees 40 years old , they are separated from each other with a distance of 24 meter between two trees successive. The maturity index MI was determined by the visual appreciation of color of olives from three trees n 3x100 , randomly selected, according to the method developed by Hermoso et al. 22 which attribute a maturity index range from 0 for unripe fruits to 7 ripe fruits . Only healthy fruits, without any kind of infection or physical damage, were processed. After harvesting, fresh olives 1.5-2.0 kg were deleafed and washed. Neb Jmel and Chemlali olive oils were ob- tained by extraction with laboratory mill a two-phase decanter centrifuge, using an Abencor system . All the oil samples were stored in completely full amber glass bottles at 4 in the dark without headspace, until analysis.
Analytical methods
Quality indices determinations
The determination of acidity A given as of oleic acid , peroxide value PV meqO 2 /kg of oil , K 232 and K 270 were carried out following the analytical methods described by the International Olive Council 23 .
Pigments content
Chlorophyll and carotenoids were determined colorimetrically as previously described by Minguez-Mosquera et al. 24 .
The maximum absorption at 670 nm is related to the chlorophyll fraction and that at 470 nm is related to the carotenoids fraction. 26 . The gas chromatographic analysis of FAMEs was performed on an Auto System Gas chromatograph equipped with a FID detector HP 6890N, Agilent Technologies, PA, USA . The column used was a capillary Agilent CP-Sil88 length 50 m, id 0.25 mm and film thickness 0.20 μm , and the analysis conditions were: the column temperature was firstly programmed at 165 for 25 min, secondly at a gradient of 5 /min up to 195 , the temperature of injector and detector was set at 250 , helium was the carrier gas, with a flow through the column of 1 mL/min and 1:100 Split ratio, the injection volume was 1 μL. The identification of fatty acids was performed by the comparison of retention time with those of olive oil fatty acids, whose composition is known. Fatty acid percentages were determined by internal standardization without taking into account mass response factors 27 . The coefficients of variation were lower than 5
for the most important FAMEs and lower than 10 for some minor ones. Squalene, whose peak is well separated from that of C24:0 was determined along with the fatty acids using an external standard calibration curve Eq.1 .
A 279.76 C 0. 35 Eq.1
Where A is the peak area of squalene, and C is the concentration expressed in mg/mL linearity: 0.030 to 0.60 mg/ mL, R 2 0,999 . Final results, calculated on the basis of the analyzed oil weight, were expressed in mg/kg with a coefficient of variation equal to 1.2 according to the experimental error.
Oxidative stability by Rancimat method The oil samples 5.0g were heated at 120 in a Rancimat equipment Metrohm Ltd., Herisau, Switzerland , with a continuous air flow of 20 L/h passing through the samples. The conductivity cells were filled with 60 mL of deionized water. The time needed hours for the appearance of a sudden water conductivity rise, caused by the adsorption of volatiles derived from oil oxidation, was registered as the induction time.
Phenolic compounds 2.4.1 Extraction of phenolic fraction
The phenolic extracts were obtained following the procedure of Chtourou et al. 28 , with some modification. The oil sample 4 g was added to 2 mL of n-hexane and 4 mL of a methanol/water 60:40, v/v mixture in a 20 mL centrifuge tube. After vigorous mixing, they were centrifuged for 3 min. The hydroalcoholic phase was collected, and the hexane phase was re-extracted twice with 4 mL of the methanol/water 60:40, v/v solution each time. Finally, the hydroalcoholic fractions were combined, washed with 4 mL of n-hexane to remove the residual oil, then concentrated to a volume of 1 ml by evaporative centrifuge in vacuum at 35 . 2.4.2 Determination of the total phenols and o-diphenols contents The determination of the total phenolic compounds was performed by means of the Folin-Ciocalteau reagent using the method described by Gargouri et al. 29 . The total phenolic content was expressed as milligrams of gallic acid GA equivalent per kilogram of oil y 0.011x, R 2 0.990 . The optical density OD was measured at λ 765 nm, using a spectrophotometer Shimadzu UV-1800 PC, Japan .
The concentration of o-diphenolic compounds in the water-methanol extract was determined by the method described by Dridi-Gargouri et al. 30 . The total o-diphenolic content was expressed as milligrams of gallic acid GA equivalent per kilogram of oil y 1.144x, R 2 0.999 . The optical density OD was measured at λ 370 nm, using a spectrophotometer Shimadzu UV-1800 PC, Japan .
Volatile compound analyses 2.5.1 Extraction
Solid-phase micro extraction was used as a technique for headspace sampling of virgin olive oils. Supelco SPME devices coated with polydimethylsiloxane PDMS, 100 μm were used to sample the headspace of 2 mL of olive oil inserted into a 4 mL glass septum vial and allowed to equilibrate for 30 min at 22 1 . After the equilibration time, the fiber was exposed to the headspace for 50 min. Extraction temperature and time were optimized in previous studies 4 .
Identification
The GC analyses were performed using a carrier gas, helium at 1 mL min 1 ; splitless injection. The identification of the constituents was based on the comparison of the retention time with that of the authentic samples, comparing their LRI relative to the series of n-alkanes, and on computer matching against commercial NIST 98 and ADAMS and home-made library mass spectra built from pure substances and the components of known oils and MS literature data 31 . Moreover, the molecular weights of all the identified substances were confirmed by GC-CIMS, using MeOH as CI ionizing gas 32 .
Sensory Assessment
Sensory evaluation was carried out by a panel of eight judges males between 45 and 52 years who were fully trained in the evaluation of Virgin Olive Oil according to the official methods of the the International Olive Council 23 .
Statistical analysis
The results were expressed as mean standard deviation SD of three measurements for the analytical determination. Significant differences between the values of all parameters were determined at p 0.05 according to the one-way ANOVA: Student Newman-Keuls test, using SPSS Statistics 17.0 for Windows SPSS Inc., 2008 .
Non-standardized principal component analysis PCA was applied to show the effect of all the investigated parameters n 47 : free fatty acids, peroxide value, K 232 , K 270 , chlorophylls, carotenoids, oxidative stability, total phenols, O-diphenols, 16:0, C16:1n-9, C16:1n-7, C17:0, C17:1n-8, C18:0, C18:1n-9, C18:1n-7, C18:2n-6, C18:3 n-3 , C20:0, C20:1n-9, C22:0, C24:0, squalene, hexanal, E -2-hexenal, 1-hexanol, Z -4-heptenal, 3-ethyl-1,5-octadiene, benzaldehyde, β-pinene, 3,7-decadiene, Z -3-hexenyl acetate, 1-hexyl acetate, 1,8-cineole, butyl 2-methylbutanoate, E -β-ocimene, E -2-octenal, nonanal, 2-methyl-6-methylene-1,7-octadien-3-one, camphor, n-dodecane, E -2-dodecene, E -2-decenal, n-tridecane, n-tetradecane, E,E -α-farnesene, on the olive oils of the two cultivars using the Varimax rotation with Kaiser Normalization. The PCA type was Pearson n , the biplot type was correlation biplot and the coefficient was automatic.
A uniform hierarchical cluster analysis HCA methodology was applied on data. Each cluster was determined by the following parameters: dissimilarity, Euclidean distance matrix and the Ward s method, generating a dendrogram for the Neb Jmel and Chemlali olive oil samples. All the chemometric analyses were performed using XLSTAT software for Windows v.2013.2.03, Addinsoft, New York, USA .
Nomenclature
Fatty acids: 14:0, myristic acid tetradecanoic acid ; 16:0, palmitic acid hexadecanoic acid ; 16:1n-9, hypogeic acid, 7-hexadecenoic acid ; 16:1n-7, palmitoleic acid 9-hexadecenoic acid ; 17:0, margaric acid heptadecanoic acid ; 17:1n-8, margaroleic acid, 9-heptadecenoic acid ; 18:1n-9, oleic acid 9-octadecenoic acid ; 18:1n-7, cis vaccenic acid 11-octadecenoic acid ; 18:2n-6, linoleic acid 9,12-octadecadienoic acid ; 18:3n-3, linolenic acid 9,12,15-octadecatrienoic acid ; 20:0, arachidic acid eicosanoic acid ; 20:1n-9, gondoic acid 11-eicosenoic acid ; 22:0, behenic acid docosanoic acid ; 24:0, lignoceric acid tetracosanoic acid .
RESULTS AND DISCUSSION
Quality indices
All the produced oils, 
Pigment content
The total pigment content of olive oils is an important quality parameter because it correlates with color, which is the first attribute of virgin olive oil evaluated by consumers. Table 1 shows that the total amount of chlorophylls did not exceed 15 mg/kg for both Neb Jmel and Chemlali cultivars. Chlorophyll pigments have been found at concentration levels between 7.61 and 14.71 mg/kg Table 1 .
The southern Neb Jmel oils contained the highest amounts, while the Chemlali from the center had the lowest value. The growing area conditions also had a significant effect on the amount of chlorophylls: olive oils from the South had the highest level 13.72 and 14.71 mg/kg for Southern Chemlali and Neb Jmel olive oils, respectively . The same phenomenon was observed with carotenoids. Data proved the influence of geographical location on carotenoids content: both Chemlali and Neb Jmel olive oils from the center contained the lowest levels 2.52 and 2.87 mg/kg, respectively. Carotenoids pigments varied between 2.52 and 6.31 mg/kg, with the highest amounts observed in the oils of southern Chemlali and the lowest ones in Chemlali from the center as was previously described 33, 34 
Fatty acid composition
The fatty acid composition has a relatively wide range due to genetic and environmental factors. It has previously been used by a number of authors as a parameter for oil classification 35, 36 . The mean FAME composition of the oils is shown in Table 2 . Fourteen fatty acids, together with squalene, were detected in the oils obtained from Neb Jmel olives from different regions. Oleic 18:1n-9 , palmitic 16:0 , linoleic 18:2n-6 , and stearic acids 18:0 were the main fatty acids identified in all the olive oils. The monounsaturated isomers of fatty acids with sixteen carbon atoms hypogeic acid: 16: 1n-9 and palmitoleic acid: 16: 1n-7 and eighteen carbon atoms oleic acid: 18: 1n-9 and Z-vaccenic acid: 18: 1n-7 are considered separately contrary to the commercial standards trade standard of the IOC 23 . The determination of these minor fatty acids is very important for the accuate knowledge of lipid profiles during the authentication of the varietal origin of olive oils 27 .
The palmitic acid mean value of the Neb Jmel cultivar was 19.81 in the south and 14.59 in the center, similarly to findings of Louadj et al. 37 . When the oils from the different locations were compared, a trend showing greater oleic acid content for center oils, and significant differences between cultivars p 0.05 was evident Table 2 . The linoleic acid content was higher in Southern Neb Jmel oils, as previously described 39 between the Southern Neb Jmel oils . The ratio of monounsaturated to polyunsaturated fatty acids MUFA/PUFA was higher in the oils obtained from the Neb Jmel cultivar. The differences observed between locations for the fatty acid composition may be explained by the different locations. This agrees with the results described by other authors for oils from olives growing in different regions 10, 29, 33 .
Squalene contents
Squalene is the major hydrocarbon in olive oil. In fact, this terpenoid makes up more than 90 of the hydrocarbon fraction 40 . Squalene is the precursor in the biosynthesis of sterols. It has been reported to be a quencher of singlet oxygen and free radical scavenger 41 .
The content of squalene in Chemlali and Neb Jmel olive oils was different in both cultivars and compatible with 
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findings of other Authors 40, 42 . The squalene content in Chemlali olive oil was lower than that from Neb Jmel. The content in Chemlali olive oil decreased from south 1427 mg/kg to center 1179 mg/kg . In Neb Jmel the highest quantity was in the center 3577 mg/Kg and the lowest in the South 3220 mg/kg .
Total phenols
The amount of phenolic compounds in EVOO is an important factor when evaluating its chemical and sensorial quality, given that the phenols improve its resistance to oxidation, and to a certain extent, are responsible for its sharp bitter taste 43 . The effect of the geographic growing area on phenols and o-diphenols was clearly observed due to the different behaviors exhibited by each cultivar. It was noticeable that cultivars from the center produced oils with a higher phenols content, in comparison to the oils from the south of Tunisia 
Oil stability
Stability to oxidation is an important property of olive oil, which is improved by synergistic interactions between the various antioxidants present in the oil itself, and depends on the lipid composition. Oxidative stability varied according to the growing area and cultivar. It ranged from a minimum of 5.61 h for southern Chemlali to a maximum of 15.38 h for Neb Jmel from the center Table 1 . The highest stability value was registered for Neb Jmel oil from the center, which can be explained by its richness in phenols and, more exactly, in o-diphenols Table 1 . These results are similar to that previously described 44, 46 . 
Influence of geographical origin on olive oil
Volatile compound analyses
The fragrance and unique flavor of EVOO represents some of the most important qualitative aspects of this vegetable oil, and plays a major role in the consumer approval. Although a full description of the organoleptic characteristics of the oil is only obtainable through sensory analysis, the qualitative and quantitative determination of the volatile compounds can provide very useful information on the product quality 47 . In order to evaluate the matrix volatile composition, HS-SPME was used. Twenty-four volatile compounds Table 3 were identified by the GC-MS analysis. Table 3 shows the influence of cultivar and growing area on the percentage of volatile compounds obtained from the oils of different samples harvested at the same . The center Neb Jmel olive oil had a high percentage of esters compounds, especially Z -3-hexenyl acetate and 1-hexyl acetate, which were absent in Chemlali both Center and South and Neb Jmel from the south. Taking into consideration the effect of the growing area conditions, it is important to note that the cultivars grown at lower altitudes and higher temperature south had the highest level of alcools; 1-hexanol was not detected in the cultivars grown at higher altitude and lower temperature center . Hence, we can hypothesize that 1-hexanol 6.87 and 10.13 for Chemlali South and Neb Jmel South, respectively may be used as a marker to differentiate VOO of different geographical origins. The volatile compounds are not only affected by the cultivars and growing area but also they are extraction-system dependent 50 . All the oils obtained in the laboratory contain volatile compounds derived from the biochemical pathway of lipoxygenase, which allows the catalytic oxidation of 1-4 pentadienic structures to give C6 derivatives 32, 51, 52 . In particular, E -2-hexenal and hexanal is derived from the heterolytic breakdown of the 13-hydroperoxide of linoleic and linolenic acid, respectively, catalyzed by enzymes involved in the reaction of hydroperoxide lyase in accordance with published data 53 .
In oil obtained from the southern Chemlali and Neb Jmel cultivars, the high level of 1-hexanol can be attributed to the increased presence or activity of the Alcohol Dehydrogenase ADH enzyme. ADH has previously been reported as the enzyme responsible for the biosynthesis of six-carbon alcohols, such as 1-hexanol 53 . Figure 2 shows the three positive descriptors: fruity, bitter and pungent. Our results have shown that the intensities of these three attributes vary according to the geographic area of origin and the cultivar. In fact, the panel test of Chemlali olive oil showed differences between the two locations. Indeed, the center Chemlali olive oil was fruity, with bitter and pungent attributes, instead of the one of south Chemlali having lower evident attributes. In contrast, the sensory profiles of Neb Jmel olive oils were similar for both locations: fruity , with attributes, such as pungent and bitter , varying only slightly in intensities. In fact, it is clear that sensory quality was the result of the synergistic effect of various components, whose composition was influenced by the geographic growing area conditions and cultivar kind 29, 33 . Fig. 2 Sensory wheels of extra-virgin olive oils for the Tunisian olive cultivars of Chemlali and Neb Jmel cultivars from Kairouan and Gâbes region.
Sensory evaluation
Chemometric analysis
To evaluate the possibility of differentiating the samples taking into account the volatile fraction and the chemical composition, we applied a multivariate statistical analysis for the results of the SPME analyses of the qualitative-volatile profile. All the volatile compounds were considered to identify the two principal factors. Forty seven variables were selected for the PCA and the explained variance was 78. 39 Factor 1: 47.69 ; Factor 2: 30.70 . Figure 3a represents the projection of the variables with regard to the single factor PC1 or PC2 on the factor plane PC1 or PC2 . It can be seen that each quadrant contains, at least, one of the variables. A map of samples score plot for the two principal components is shown in Fig. 3b the extra-virgin olive oils obtained from Chemlali and Neb Jmel cultivars in the southern area were shown to be quite different from the others. The application of the principal component analysis algorithm PCA has shown three distinct groups Fig. 3b . The first group is composed of the southern Chemlali and Neb Jmel cultivars, due to high levels of saturated fatty acids, peroxide index, pigments content and E -2-hexenal level. The second one is made up of the center Neb Jmel cultivar, characterized by its high levels of total phenols, o-diphenols, oxidative stability, oleic acid, acceptable olive oil quality, with an equilibrated fatty acid profile. Finally, the third group consists of the center Chemlali. This group is characterized by its low levels of squalene. These results were confirmed by the Hierarchical Cluster Analysis dendrogram HCA, Fig. 3c . The latter shows Three distinct blocs based on the threshold value equal to 33495.9956 , with a high similarity between Chemlali and Neb Jmel cultivars in the southern area. The center Neb Jmel and Chemlali present an extreme dissimilarity in their composition not only between each other, but also in comparison to those in the other locations. In this case, the formation of clusters and their linkage could be compared and related to the groups formed in PCA Fig.  3b .
CONCLUSION
The geographic area of origin appears to play a more significant role for the qualitative characteristics and the sensory attributes of Chemlali olive oil than for the Neb Jmel olive oil. The application of SPME to the analysis of virgin olive oil headspace allowed the detection of significant differences in the proportion of volatile constituents from oils of different cultivars and geographic origins. Chemlali olive oil showed a low tolerance against the variation in climate and plantation zone. Center Neb Jmel olive oil revealed excellent nutritional characteristics, in terms of antioxidant compounds. The results indicate that the cultivar and the environmental conditions influence the quali-quantitative production of volatiles. 
